CHAPTER 11

ULTRAVI OLET RADI ATI ON

1. GENERAL.

a. This chapter serves as a guide to industrial hygienists
who are responsi ble for evaluating and maki ng recommendati ons for
the protection of workers from potential health effects of
ultraviolet radiation.

b. The guidelines and the exposure limts are based on
avai |l abl e knowl edge and scientific research. The limts should
provide a healthy work environment for the majority of workers
exposed to ultraviolet radiation.

2. PHYSI CAL PROPERTI ES.

a. Physics.

(1) Radiation is energy in transit. El ect romagnetic
radiation is made up of oscillating electric and nmagnetic fields
whi ch are propagated in free space and in matter. Collectively,
the electromagnetic spectrum includes: radiofrequency (radio,
television and mcrowave transmssion); infrared, visible and
ultraviolet light; X and gamma radiations. Utraviolet (W) is
part of the electromagnetic radiation spectrum with wavel engths
from approxi mately 180 nanoneters (nm to 400 nm

(2) Electromagnetic radiation can be classified by
properties such as wave velocity, frequency or wavel ength. These
three paraneters of electromagnetic radiation are related by the
fol | ow ng:

c=In
Equation 11-1
Wher e:

c = velocity (light in vacuum; a constant 3 x 108 neters per
second (m's)

| = wavel ength; the distance occupi ed by one wave (in units
of length such as neters, mcroneters, or nanoneters)

n = frequency; the nunber of oscillations per unit tine
(expressed as oscillations per second using the unit
Hertz (Hz))
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(3) The electromagnetic spectrum can be represented
by either frequency or wavel ength as depicted in Table 11-1. Al
el ectromagnetic radiation, regardless of the nmedium w !l exhibit
certain attributes such as reflection, refraction and
diffraction.

(a) Reflection takes place at an interface of
materials. Two types of reflection occur, specular (mrror-1like)
and diffuse. Surfaces with irregularities or roughness produce
diffuse reflections. Diffuse and specular reflections are
wavel ength dependent. A surface nmmy produce a specular
reflection at one wavel ength but diffuse at another, due to the
size of the surface roughness in relationship wth the
wavel engt h.

(b) Refraction takes place at an interface when a
beam passes from one nedia to another having a different
refractive index. It is responsible for the bending of the |ight
near air-water, air-glass interfaces. Lenses and prisns are
optical devices that use the principle of refraction.

(c) Diffraction of electromagnetic radiation occurs
when waves pass around an object in their path and are defl ect ed.
This may occur when radiation passes through very narrow slits or
smal | apertures.

(4) Wen radiation is transmtted through a material, it
may |ose energy to the nedium by various processes (e.g.,
absorption). In a honbgeneous material, the proportion of energy
| oss per unit length is constant.
b. Utraviolet radiation is usually divided into severa
ranges based on physiologic effects:
UWA (near W) 315 - 400 nm
UVB (middle W) 280 - 315 nm
WC (far W) 180 - 280 nm

W radiation with wavelengths below 200 nm is not easily
transmtted through air and usually does not pose an exposure
probl em

c. Sone inportant absorption properties of UV radiations are
as follows:

(1) UVA radiation is easily transmtted through air and

gl ass. There is penetration through the epiderms and the
anterior ocul ar nedia.
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(2) UvB and WC radiation is transmtted through air and
t hrough quartz but is absorbed by ordinary glass. Absorption of
t hese wavel engths by the ozone |ayer of the upper atnosphere is
the reason why solar radiation on the earth’'s surface is al nost
devoi d of wavel engths bel ow 320 nm UV radi ation below 315 nmis
primarily absorbed by the cornea or the top epithelial skin
| ayer.

d. O all the ternms used to describe UV radiation, the power
or energy per unit area, irradiance (E) and radi ant exposure (H)
respectively, are the nost common. Irradiance (a dose rate used
i n photobiology) is described in watts (unit of power) per square
nmet er (VVn?) or watts per square centineter (VVcn?). Radi ant
exposure (H), is dose, and is described in joules (unit of
energz) per square nmneter (J/n?) or joules per square centineter
(J/ cn¥). Note that a watt is a joule per second thus the dose
rate (VVcn?) multiplied by the exposure duration (seconds) equals
dose (J/cnd).

3. BILOLOG CAL EFFECTS.

a. The absorption of UV radiation can cause biol ogical
effects. The two primary organs of concern are the eye and the
ski n.

b. The WV spectral band of UVA (315-400 nm) is |ess
phot obi ol ogically active than the rest of the ultraviolet; UVB
(280-315 nm and UVC (180-280 nn).

c. The adverse effects of UV radiation have been shown to be
a result of photochem cal reactions rather than thernmal damage.
This is shown by the rapid drop off of effects in the |onger
wavel engt hs of the UV spectrum The effectiveness of the various
wavel engths of UV radiation to produce a biological response is
referred to as an action spectrum The maxi num sensitivity of
the human eye occurs at approximtely 270 nm and this wavel ength
is used as a reference for effectiveness of other UV wavel engths
to elicit a biological response. The relative spectra
effectiveness is the ability to produce a biological effect as
conpared to UV radiation at 270 nm (reference 11-1).

d. Acute effects.

(1) Erythema (i.e., redness) is a response to excessive
exposure by UVB and UVC radiation. The dose required to produce
erythema varies with skin pignentation and the thickness of the
horny layer (stratum corneum. There may be a latent period of
4-8 hours between the exposure and the effects. Effects may
range from sinple skin reddening to serious burns. Darkening of
the skin and thickening of the stratum corneum offers sone
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protection against future exposures. Eryt hema production is
dependent only on the total radiant exposure dose (i.e., product
of irradi ance and exposure duration).

(2) Skin photosensitization nmay occur when materials with
phot osensitizing capabilities (e.g., pitch, petroleum products,
coal tar derivatives and sone dyes or plants) are in contact with
t he skin duri ng UV radiation exposure. Sonet i nes,
phot osensi ti zi ng substances are present as a result of a disease
such as Lupus erythenmatosus, Xeroderma or Herpes sinplex. Sone
t herapeutic, diagnostic or cosnetic materials may elicit a
response when present in the body or on the skin during W
radi ati on exposure. These include chlorpromazine, sulfanilam de,
tetracyclines, salicylates, anti-bacteriostatic agents such as
hexachl or ophene, fungicides and oral contraceptives.

(3) Acute kerato-conjunctivitis is an inflammtion of the
cornea and conjunctiva after excessive exposure to UVB or UW/C

radi ati on. This is also known as snow blindness or welder’s
flash burn. Al though the injury is extrenely painful, it is
usual ly tenporary because of the recuperative powers of the
epithelial |ayer. The latent period is usually 4-12 hours from
the tine of exposure and is spectral and dose dependent. There
is a sensation of “sand” in the eyes, photophobia, blurred
vision, lacrimation and bl epharospasm (i.e., painful uncontrolled
excessi ve blinking). Synptons may last up to 24 hours with the

corneal pain being severe. Recovery takes one to two days. The
action spectrum and the threshold dose to cause Kkerato-

conjunctivitis has been investigated. The peak of the action
spectrum is 265-275 nm with the threshold for synptons at
approxi mately 4 ml/ cn. W industrial sources (welding or

germ cidal lanps) may circunvent the natural defenses of the body
and allow direct exposure to the cornea. This occurs when the
sources emt WV radiation at angles wunshielded by brow or
eyel i ds.

(4) The lens of the eye has about the sanme sensitivity
to U/ as the cornea. The cornea however, is an efficient filter
for UVWC. The cornea allows substantial transm ssion of UVA while

the lens has greater absorption. The actual effects of UV
radi ati on exposure on the lens, such as cataract formation or
phot odegradation are, at best, speculative at this tine.

Argunents in favor of such effects are only supported by
exposures to experinental animals at very hi gh doses.

e. Chronic effects.

(1) Skin aging may occur prematurely in individuals
exposed to WV radiation (UvB) for periods of nmany years. The
skin appears as toughened, darkened and winkled especially in
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out door workers and has been referred to as "Farner’s skin."

(2) Certain types of skin cancer my be induced by
exposure to WV radiation, especially UVB. The cancer appears in
i ndividuals whose skin is exposed to solar radiation for a
significant period of time (years) (reference 11-2).

f. O her effects.

(1) Exposure to some UV radiation is beneficial where a
type of skin steroid (7-dehydrocholesterol) is converted to a
formof vitamn D (an internediate in chol esterol biosynthesis).

(2) W radiation may interact wth airborne conpounds and
produce harnful substances. UVC radiation below 240 nminteracts
with oxygen (Oy) and may form ozone (Oz) or oxides of nitrogen
(NOy) in the atnosphere. The conversion of hydrocarbons to
oxi dants may occur and is the main cause of snog formation. uwv
radi ati on may al so convert chlorinated hydrocarbons to phosgene.

4.  SOURCES.

a. Sources of radiation can be grouped by the manner in
which the radiation is originated. Wen the tenperature of sone
material is elevated, many energy transitions occur and energy is
emtted. A main source of UV radiation on the earth comes from
t he sun. However, when materials are heated to incandescence,
sone UV radiation may be emtted. The spectrum (wavel engt hs)
emtted and the intensity is related to the tenperature (absol ute
°K) of the material. Therefore, open arcs, fluorescent sources
and incandescent sources can produce WV radiation wth a wde
vari ation of wavel engths. Depending on the source, the radiation
emtted can be a broad band (so many wavel engths that it appears
as a continuun) or narrow, specific wavelengths (i.e. line
spectra from|ow pressure discharge lanps). The emtted spectrum
is an inportant factor in evaluating the radiation.

b. Lasers have been developed which emt UV radiation.
Lasers have specific characteristics which nust be taken into
consideration for adequate evaluation. This chapter does not

address | aser sources.

c. Besides the secondary production of UV radiation fromarc
and incandescent sources, specific lanps are nmanufactured to
produce UV radiation in narrow spectral lines for germ cidal
control. These are usually | ow pressure nercury vapor sources
that emt visible and UV wavel engths with 95% of the energy at
253. 7 nm
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d. Sone general l|lanp types are:

(1) Incandescent |anps, other than quartz-halide |anps
normal Iy have gl ass envelopes to keep UV radiation from being a
hazar d.

(2) Low pressure discharge lanps if they have quartz
envel opes may transmt UV radiation and may be of concern.
Mercury | ow pressure | anps can create a severe UV hazard.

(3) Fluorescent lanps usually have glass envel opes and
may only present a UV hazard theoretically at the surface.

(4) Hgh intensity discharge (H D) |anps may present W
hazar ds. If the envelope is glass, there may be only a concern
for UV exposure at close distances. However, Quartz-Mercury H D
| anps require UV hazard eval uation

(5) Short arc lanps may produce a potential UV hazard
because of the tenperature of the arc and the quartz envel ope.

(6) Carbon arc |anps nmay produce a potential exposure as
with the short arc lanps. This is conpounded when no gl ass |ens
or filter is present (a comon situation).

5. HAZARD ASSESSMENT AND STANDARDS

a. If enough information can be obtained, numerous
measurenents or cal culations may be avoided. The follow ng steps
shoul d be taken to evaluate any WV |ight source:

(1) Determne the Lanp Type - Categorizing the lanp can
be useful to determ ne the potential UV hazard.

(2) Review the lanp manufacturer’s data on radionetric
speci fications. This can be of great value to determne the
hazard potential. Such data can be conpared with data from
sources previously neasured. Spectral data is the nost useful.

(3) Perform neasurenents when necessary if the above
information 1is inconplete or Jlacking (see the Evaluation
Section).

(4) Apply neasurenent results to the exposure limts.

b. The critical organs for UV exposure are the eye and skin.
The thresholds for the observed effects vary significantly with
wavel engt h. Therefore, "action spectra"” have been devel oped to
create a dose response relationship. Basically, the "action
spectrunmt refers to the relative spectral effectiveness of

11-6



different wavelengths to elicit a biological effect (see
references 11-1, 11-3). This is depicted in Table 11-2. Because
sonme biological effects to the eyes and skin vary wth
wavel engt h, the human exposure gui delines express the efficacy of
the WV spectrumnormalized to the nost effective wavel ength (270-
280 nm for the eyes). Acceptabl e exposure limts (Table 11-3)
are based on an action spectrum that conbines the spectra for
erythema of caucasian skin with photokeratitis (i.e., a condition
of the eye). The result is a snmooth curve form ng an acceptable
criteria (Figure 11-1).

c. The limting value of 3.0 ml/cn? (30 J/n?) is based on a
270 nm wavel ength, where the eye appears to show the naximm
sensitivity for acute effects on the cornea. A safety factor of
1.5 to 2 is applied for acute photokeratitis. Because the eye
beconmes nore insensitive at other wavelengths, the exposure
limts change (increase) due to the fact that it takes
increasingly nore UV exposure to elicit the same effects.

d. There has been much work to produce a basis to define a
uni fied action spectrumor a single curve to use for occupati onal
exposure eval uation which would apply for both the erythem c and
keratotic effects, yet be sinple enough for the available field
i nstrunent ati on.

e. In reference 11-2, the National Institute for
Cccupational Safety and Health (N OSH) published a recommended
exposure |imt (REL) for occupational exposure to UV radiation
The Anerican Conference of Governnental Industrial Hygienists
(ACA@ H has also produced a Threshold Limt Value (TLV® for WY
radiation very simlar to NNOSH. In reference 11-1, these |levels
are depicted in Tables 1 and 2 in the "Utraviolet Radiation"
section. The protection limts are wavel ength dependent in the
spectral region of interest (200-315 nn) and are based on the
action spectrumfromthresholds of harnful effects in both ani mal
and human studi es. The relative spectral effectiveness val ues
(Table 11-2) are basically a hazard weighting function. The
action spectrumcurve is presented in Figure 11-1. Proper use of
the limts requires that the spectral irradiance of the source

(El') be multiplied by the relative spectral effectiveness (Sl) in
Table 11-2. Then the weighted irradi ance values are sumred in
the wavelength range from 200-315 nm to obtain the effective

irradiance (Egff) in watts per square centineter (VVcn?). The
al l owabl e exposure duration is obtained from Table 11-3 or
calculated by dividing 0.003 J/cn? by Eef f - Exposure to

unprotected skin or eyes should not exceed these values within an
eight (8) hour period. The use of a calibrated instrunment that

responds as the relative spectral effectiveness (Sl) elimnates
the need to performthe weighting cal cul ati ons.
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f. The |imt values represent situations where nearly all
wor kers may be exposed wi thout adverse effects. The limts are
for exposures of the eye and skin to UV radiation from arcs,
fluorescent, solar and incandescent sources but not |asers.
Laser radiation nust be treated separately and differently due to
its coherent nature.

g. Such limts may not adequately protect individuals who
are photosensitive or exposed to photosensitizing agents. Tanned
or conditioned individuals may tolerate skin exposure in excess
of the limts. Such conditioning does not, however, guarantee
protection agai nst skin cancer.

h. Aphakics (individuals with the crystalline lens of the
eye renoved) are a special problemwhere UVA radiati on nay affect
the retina (such radiations are normally absorbed by the |ens).
Exposure limts do not apply to these individuals.

i The exposure limts should be used as guides in the
control of exposure to UV sources and are intended as upper
limts for non-therapeutic exposure. The I|imts are not
applicable to elective exposures such as tanning. The limts
shoul d be considered as absolute limts for ocul ar exposure. The
exposure limts were devel oped considering a population with the

greatest sensitivity and genetic disposition (i.e., [lightly
pi gnent ed) .
] - The ability to assess a hazard to UV radiation nust be

expressed or related to the relative spectral effectiveness as
wel | as absolute radionetric aspects (descriptive units) of the
radi ati on under study. The assessor nust also recognize the
variations of responses to insults from UV radiation exposure.
That is, thresholds and | atent periods from UV radi ati on exposure
vary wth individuals and great variations of the severity of
effects are conmpounded with difficulties in attaining proper
radi onetric nmeasurenents.

6. EVALUATI ON.

a. Basi ¢ neasurenents nay be performed using a calibrated
br oad- band radi oneter with an actinic probe. The probe should be
able to neasure in the 200-315 nm range and have a response that
accounts for the wavel ength dependence of Figure 11-1 or Table
11-2.

b. Sone probes may respond to wavel engths outside the W
range of interest (such as UVA and visible light), therefore, it
iIs necessary to quantify or renove this contribution to the
r eadi ng. This may be done by neking neasurenents of the WV
source using a blocking filter which absorbs the UV radiation
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below 315 nm zeroing the neter, and then making the sane
measurenent w thout the filter. This must be done for each
measurenent of a UV source under study. Sone nmanufacturers state
this is not necessary with their instrunment because selective
filtering is inherent with the probe. Contact the instrunent
manuf acturer for specific details on this issue. It rnust be
noted that the spectral range of the instrunment is limted by the
det ect or chosen.

C. Probe placenent is inportant during neasurenents. The
probe should represent the position of the critical areas (i.e.
eyes and exposed skin) of the personnel in the occupational
setting. Consi deration should also be nmade for possible
reflective surfaces contributing to the exposure of personnel
(e.g., ceilings, polished table tops, etc.).

d. The nunber of readings depends on the size and nunber of
the UV sources, occupi able areas and the workspace. Measurenents
may be taken to assess potential hazards during maintenance
activities (such as close proximty to the source) not normally
performed or conducted by the workspace occupants.

e. Attenpts should be nade to determne how long an
individual is required to work in a given area when performng
their duties. Such information s necessary to apply

adm nistrative controls and to conpare the neasurenents with the
l[imts of Table 11-3.

f. Al | owabl e exposure durations at nultiple work |ocations
must be considered in determning the conbined exposure |evel
The exposure at each work |ocation are sunmmed to obtain the
conbi ned exposure |level, as foll ows:

Combined Exposure Level = LS + T2 +.. _+L
Cl CZ Cn

Equation 11-2
Wher e:

T
G

Total tine spent at work station
Al | owabl e exposure duration at work station i

Any conbi ned exposure |evel value greater than one woul d exceed
the limts.

g. Steady state neasurenents can be nmade wusing the
instrunment’s “normal” node. Average neasurenents can be taken on
modul ated or flickering light sources if the neter has the

capability to neasure with a fast function position. Meters with
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an integrating node can neasure flash exposures. Always consult
the manual for the ability of the instrument to neasure non-
steady light (i.e., flickering or varying intensity light).

7. EXPOSURE CONTROL.

a. Control mneasures may be broken down into three areas:
engi neering, admnistrative controls and personal protection.

(1) Effective engineering controls may involve placing
the light source or process wthin an opaque enclosure or
providing a barrier where the UV output in habitable areas is
bel ow t he exposure limts. This nust be done without interfering
with the operation. Devices such as key controls and cover
interlocks are other exanples of engineering controls. Shi el ds
or physical barriers may control exposure to individuals or
prevent unsafe acts from occurring.

(2) Admnistrative controls consist of establishing
standard operating procedures (SOPs) for the process, education
and training of the wuser, maintenance and servicing training,

warning signs such as Figure 11-2 and entry Ilimtations.
Limting the access of personnel to exposure situations
constitutes adm ni strative control . However, reliable

measurenent data should be available to support this type of
control decision

(3) Personal Protective Equipnent (PPE) is the |east
desirable control nethod, but may be applicabl e depending on the
process. PPE may consist of eyewear, gloves or other apparel to
protect the skin or eyes. The clothing (hoods, shirts etc.)
shoul d be opaque to the UV wavel engt hs encountered. UV absorbing
eyewear should be fitted wth UV absorbing side shields to
mnimze the |likelihood of reflections hitting the eye.

(a) Protective eyewear is usually designed to greatly
reduce or prevent particular wavel engths from reaching the eye.
This information nust be specified when purchasing such
equi pnent . Optical density is the variable for determ ning the
attenuation of the eyewear.

(b) Optical density (OD) is a logarithmc function of
the incident radiation vice the transmtted radi ati on:

aE, 0
OD = |OglO%Ea

Equation 11-3
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Vher e:

Eqg = i rradi ance of the incident UV radi ati on
E = irradiance of the transmtted UV radi ati on

(c) Oher considerations may be necessary when
choosi ng eye protection. For exanple, in the protection from
intense visible light with UV conponents (such as wel ding arcs),
the eye protection also needs to be weighted to filter the blue
i ght hazards.

(d) Topical screening materials have been devel oped
that can provide partial or sonetinmes total protection of the
skin to UV radiation. Most screening materials concentrate on
filtering the actinic UV wavel engths. These are known as
"sunscreens." Standard commercial sunscreens permt sone WA to
be transmtted. Al though less efficient than UVB, it can
contribute to skin erythena.

(e) Nor mal wor k cl ot hi ng provi des adequat e
attenuation of WV radiation (0D > 4) produced by conmmon wel ding
oper ati ons. However, sone man-made |ightweight fabrics, such as
nylon, may transmt significant anmounts of UV. Welders should be
instructed in the inportance of wearing appropriate dense
clothing. Long sleeve shirts and gl oves whi ch cover exposed skin
are clearly indicated.

b. W reflectance from alumnized fabrics nmay present an
addi ti onal hazard. Such material should be avoided in the
wel di ng environnent.

c. Hazard control nethods nust be chosen to reduce the risk
sufficiently. Even though a method is used to adequately control
the hazard, contingency nethods (secondary interlocks) nust
al ways be avail able for possible circunventions of the establish
met hods.

8. SPECI FI C SI TUATI ONS.

a. Gener al .

(1) Hgh intensity discharge (H D) |anps (specifically
the ones using nercury) are used in gymasiuns or high ceiling
i ndustrial areas. These may produce considerable UV radiation
Stringent manufacturing standards exist to assure that an outer
jacket is installed to reduce the risk of UV radiation exposure.
Most | anps are constructed to extinguish if the outer jacket is
br oken. Lanps not having this feature wll have a warning
designating the potential for exposure. Mai nt enance personne
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must be aware of the potential for UV exposure on these types of
lanmps if they operate with the outer jacket broken. A standard
operating procedure (SOP) should be in place and followed by
mai nt enance personnel during the replacenent of H D | anps.

(2) Selection of paints in the work area can enhance or
reduce the UV reflection to personnel. Check with the paint
manuf acturer for UV absorptive paints.

(3) For nost applications, any plastic barrier face
shield or goggle wll be effective to protect occupants from W
exposures from these sources. This is because the nmanufacturers
of these products add a UV absorbent to deter aging of the
plastics. 1In situations where any neasurable | evel is considered
unaccept abl e, the spectral transm ssion of these materials should
be checked.

(4) Interlocks should be installed where personnel have
access to WV sources during maintenance. Appropriate |abeling is
necessary to assure that users are adequately inforned.

b. dinical.

(1) Low pressure nercury lanps are comonly used for
germcidal control in hospitals, and biol ogical |aboratory hoods.
In nost cases, these lanps are housed in fixtures but may not
always Iimt direct exposure to eyes or skin of personnel.

(2) Phototherapy and sun |anps are used by physicians to
treat various conditions such as psoriasis. The physician should
be well aware of the dangers of excessive exposure and assure
that such devices are controlled. Ventilation openings may all ow
reflections fromthe source to exit the enclosure.

(3) Because of the potential exposure to individuals of
high levels of UV radiation, therapy and sun |anps nust be
controlled and properly used. SOPs are essential and only
personnel famliar wth the potential dangers and control
measures shoul d operate the units. They should only be operated
in designated areas which |imt direct or reflected viewng
bypersonnel not essential to their operation. Qperators shoul d
utilize protective equipnment such as shaded glasses and |ong
sl eeved shirts to Il essen the risk of UV radi ati on exposure.

(4) Operating room lanps found in hospitals or denta
operatories are designed to reduce the infrared |loading to the
patient and focus the visible Iight radiation. The gl ass over
the surgical spotlight filters out UYB and UVC radi ati ons.
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(5) The phototherapy units for newborn infants who have

hyperbi |l i rubi nem a use special blue I|ights. In addition to a
potential blue light hazard (not covered in this chapter), the
| anps may produce WV radiation. It is inportant that plastic or

glass filters be used to protect the infant from UVB radiation.
The nursing staff should not be at risk from these devices,
however, the lanp should not be stared at directly. Qperators
should ensure the plastic or glass filter remains in place and
that |abels are in place to alert personnel to potential
hazar dous em ssi ons.

c. "Black lights.™

(1) "Black lights" are often used along with fluorescent
powder for non-destructive test procedures. These |anps normally
produce wavel engths in the UVA range. These | anps are normally
not a problem wunless the Jlanp envelope itself does not
sufficiently filter out the actinic W lines of the nercury
spectrum (297, 303, 313 nm. Also, any individual who is
phot osensitive (such as the result of taking nedication) my
elicit a severe response when using such equi pnent.

(2) Sone "black light" units have a node to specifically
produce WC or UVB radiation. Such units should be eval uated or
reference data from the nmanufacturer <consulted to address
potential hazards to personnel.

(3) Control mnmethods include positioning the lights so
that individuals are not chronically exposed. The | anps shoul d
also be used only in designated areas, free from reflective
surfaces. Protective eyewear and |ong sleeve shirts or gloves
may be necessary (see Hazard Assessnent).

d. Curing operations. W curing (photochem cal curing) of
special paints or plastic cast materials is sonetinmes used. One
application is WA curing of dental resins. Most systens are
encl osed and when properly designed, have interlock systens and
do not release the UV radiation to the workspace. Warning |abels
should be present however to adequately alert personnel of
potenti al exposure.

e. Gaphic arts and duplicating nmachi nes.

(1) In graphic art facilities, arc lanps or tungsten
hal ogen | anps are used to make negatives and photo offset press
pl at es. The glass platens will wusually elimnate UVB or UV C
radi ati ons from the | anp. However, the units should be | ocated
away from traffic areas and enployees should be cautioned to
avoid staring at the exposed | anps. Most flip top platemakers
reduce glare and elimnate safety concerns but the operator
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should not stand over the slit that exists on the top of these
units. It may be advisable to utilize UV filtration glasses if
t he operator nust stand over the unit when it is in use.

(2) Photocopyi ng machines that are often found in offices
and print shops contain |ight sources that my produce W
radi ati on. The glass platen will alnost always renove the UVB
and UVC radi ation. Qperators are still cautioned not to stare
into the light source when docunent covers are opened/renoved.
Manuf acturers’ |ight source em ssion data should be consulted on
graphic arts and duplicating machines to assess hazard risks to
mai nt enance personnel when the normal safety barriers are
vi ol at ed.

(3) Sone selected sources of UV are provided as exanples
in Table 11-4. The irradi ance values are provided as a relative
indication of the hazard potential of the source. These val ues
may vary considerably. The values also do not account for
potential blue |ight hazards.
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Table 11-1. Electromagnetic Spectrum in Frequency and Equivalent Wavelengths.

Frequency (Hz) Wavelength (meters) Notes
100 (1H2) 3x 108
101 3x 107
102 3x 106 Commercia Electrical Power
103 (1KH2) 3x 109
104 3x 104
109 3x103 (3Km)
106 (1 MHz) 3x 102 AM Broadcast (535-1600 KHz)
107 3x 10l
108 3x100 (3m) FM Broadcast
109 (1 GHz2) 3x 101
1010 3x102 (3cm)
1011 3x 103 (3mm)
1012 3x 104 i
1013 3x10°° § infrared
1014 3x 106 (3mm) |Io
1015 3x 1077 Visible Light
1016 3x108 i ?
1017 3x109 (3nm) i § Ulraviole
1018 3x10-10 ::: |Io
1019 3x10-11 ;, X rays
1020 3x 10-12 (3pm) s
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Figure 11-1. Action spectrum curve. (From American Conference of Governmental Industrial Hygienists (ACGIH), 1997, Reproduced
with permission).
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CAUTION
EYE HAZARD

Do Not StareInto Light

OR

CAUTION
ULTRAVIOLET SOURCE
Eye and Skin Hazard

Authorized Operators Only

Figure 11-2. Sample warning signs
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Table 11-2. Ultraviolet Radiation Exposure TLV and Spectral Weighting Function.

Wavelength (nm) TLV (Jm?) TLV (m¥cm?) Relative Spectral Effectiveness, S
180 25x103 25x 102
190 1.6x 103 1.6 x 102
200 1.0x 103 1.0x 102
205 5.9x 102 59x 10t
210 40x 102 40x10t
215 32x102 32x10t
220 25x 102 25x 10t
225 2.0x 102 2.0x 10t
230 1.6x 102 16x 10t
235 1.3x 102 1.3x 10
240 1.0x 102 1.0x 10t
245 8.3x 10t 8.3
250 7.0x 10t 7.0
254* 6.0x 101 6.0
255 58x 10% 58
260 46x 10t 46
265 37x10t 37
270 30x10t 3.0
275 31x10t 31
280* 34x10t 34
285 39x10t 39
290 47x10t 47
295 56x 10% 56
297* 6.5x 10% 6.5
300 1.0x 102 1.0x 10t
303* 25x 102 25x 10t
305 5.0x 102 5.0x 10%
308 1.2x 103 1.2x 10
310 2.0x103 2.0x 102
313* 5.0x 103 5.0x 102
315 1.0x 104 1.0x 10
316 1.3x 104 1.3x103
317 05x 104 15x 103
318 19x 104 1.9x 10
319 25x 104 25x103
320 29x 104 2.9x103
322 45x 104 45x 10
323 56x 104 5.6x 103
325 6.0x 104 6.0x 103
328 6.8x 104 6.8x 10
330 7.3x104 7.3x103
333 8.1x 104 8.1x103
335 8.8x 104 8.8x 10
340 1.1x 105 1.1x104
345 1.3x 105 1.3x 104
350 15x 109 1.5x 10
355 1.9x 105 1.9x 104
360 2.3x 105 23x104
365+ 2.7x 109 2.7x 10
370 32x109 32x104
375 39x105 39x104
380 47x105 4.7 x 10
385 5.7x 109 5.7x 104
390 6.8x 109 6.8x 104
395 8.3x 105 8.3x 10
400 1.0x 106 1.0x 105

Source: American Conference of Governmental Industrial Hygienists (ACGIH) (1997). Reproduced with permission.

Wavelengths chosen are representative; other values can be interpolated.

* Emission lines of amercury discharge spectrum.
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Table 11-3. Permissible Ultraviolet Exposures.

Duration of Exposure Effective Irradiance
Per Day E« (MN/cn?)
8 hours 0.1
4 hours 0.2
2 hours 04
1 hour 0.8

30 minutes 1.7
15 minutes 33
10 minutes 5
5 minutes 10
1 minute 50
30 seconds 100
10 seconds 300
1 second 3,000
0.5 second 6,000
0.1 second 30,000

Source: American Conference of Governmental Industrial Hygienists (ACGIH) (1997). Reproduced with
permission.
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Table 11-4. Selected Sources of Ultraviolet Radiation (does not account for potential blue light hazards).

Conditions

Measured Levelsl

Welding: GMAW Al dloysat 1 m 0.18 - 3.7 mW/cm?
GTAW Al dloys 7.2 - 41 pW/cm?
GTAW Stedl 0.1 mw/cm?
SMAW Steel 0.11 mW/cm?2

Hg-vapor Lamp 400 W, medium pressure, at 50 cm 1.0 pW/cm?

Germicidal

0.01 - 0.19 pW/cm?

Photoflood Lamps

<0.01 - 6.9 pW/cm?

Black Light FATS/BLB UV-B 0.13 pw/cm?
al5cm  UV-A 3.7 mW/cm?2
Tanning Fluorescent 0.16 - 1.6 mW/cm?
Studio Lamps Quartz Halogen at 50 cm FCV 1000W 2.6 - 3.4 pW/cm?2
Quartz Halogen at 50 cm EHC/EHB/EGR 500W 1.7 - 5.7 pW/cm?
Movie Lamp With Reflector - FAE 550W at 100 cm 0.03 - 0.06 pw/cm?

Photocopier Lamps

Q100073/CL at 100 cm Quartz Halogen 1000W

0.6 - 0.8 pw/cm?

BRH 1000W at 50 cm

7.7 - 85 pW/cm?2

Incandescent Quartz-Tungsten Halide DXW 1000W at 50 cm 2.1 pW/cm?
Sunlamp SylvaniaRSM 275W at 50 cm 510 pW/cm?
Fluorescent Lamp Cool White F4A0CW, Roya White FA03K at 50 cm 0.14 pW/cm?

F48T12-CW-HO, F84T12-CW-HO, F96PG17-CW,
96T12UHO, FA0CW/RS/WM at 100 cm general
lighting use

<0.026 mMv/cm2

Xenon Short-Arc

Hanovia 976C1 at 50 cm

680 MA//cm?

Medium Pressure Clear Jacket Mercury

400W at 50 cm

1 mw/cm?2

1 Thesevalues may vary considerably. They are provided only as relative indicators of the source of UV radiation.
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